Where 1/ε = 14.399 when E is in kcal, r ij is in Å and the charge is in electron units. We use the Exponential-6 potential (Exp6 or Buckingham potential) to describe the weak van der Waals (vdW) forces: 
The anisotropy of the H 2 -H 2 O interactions was captured using the Dreiding-like 1 "Hydrogenbond" between the H 2 bond-midpoint (the "donor"), the H atom on H 2 
We first optimized the H 2 -H 2 O parameters by fitting the ab-initio potential energy surface of Phillips et al 2 which was calculated at the CCSD(T) level and the augmented, quadruple zeta aug-cc-pVQZ basis set of Dunning 3 , expected to yield accurate vdw parameters. The H 2 O -H 2 O interactions were described using the TIP4P-ice rigid water model 4 , validated to reproduce the melting temperature of ice Ih at STP, and not reoptimized here. The parameters were optimized using a Newton-Raphson minimization scheme. Thus writing ζ as the set of observables we require the forcefield to reproduce, i.e.
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is a function of the H 2 -H 2 O equilibrium distance (r), H 2 relative orientation to H 2 O (Θ, Φ), H 2 absolute orientation (θ', φ') (see figure S1), total binding energy (E) and the atomic forces
E for atom i (by requiring zero total force be at the various minima). We then minimize the residual function R:
where N=84 is the number of configurations used in the fit and w i is the weighting factor. Typical values for weighting factor are 10 for the distances and orientations, 100 for the energies and 250 for the forces. This optimization lead to the parameters listed in Table 1 , including a charge of +0.36535 on the H atoms of H 2 (-0.7307 e-on the bond midpoint). These H 2 charges are lower than the +0.47e-required to reproduce the experimental quadrupole moment 5 of -0.237 a.u., a natural consequence of our choice of fixed point-charges and the TIP4/ice water model. We then optimized the H 2 -H 2 vdW parameters by fitting to the ab-initio energy surface of Patkowski et. al. 6 which was calculated at the CCSD(T)/aug-cc-pV5Z+ (augmented quintuple zeta basis set) level expected to yield accurate vdw parameters.
Grand Canonical Monte-Carlo Simulations
To predict the loading (pressure versus temperature) we used the grand canonical Monte Carlo (GCMC) method as implemented in the Sorption module of the Cerius2 7 . Our new FF in Table 1 was used to describe van der Waals interactions of H 2 in the H 2 O systems. In order to obtain an accurate measure of H 2 loading, we used 10,000,000 Monte Carlo configurations to compute the average loading for each p and T, with an equal Translational/Rotational move probability and Creation/Destruction probability ratio of 2:1. The sorbent model is a three-dimensional, hexagonal ice structure (5×5×5 supercell) consisting of 1500 H 2 O molecules (a=b=39.1Å,
. In all simulations, periodic boundary conditions are applied.
Molecular Dynamics Simulations
All simulations were performed using the LAMMPS 8,9 simulation engine, which affords the flexibility of using various forcefields in a common framework. We had previously modified LAMMPS to include the full Dreiding FF, including 3-body HB 10 . Long-range coulombic interactions were calculated using the particle-particle particle-mesh Ewald method 11 (with a precision of 10 -5 kcal/mol), while the vdW interaction were computed with a cubic spline (inner cutoff of 11Å and an outer cutoff of 12Å). We used the spline to guarantee that the energies and forces go smoothly to zero at the outer cutoff, preventing energy drifts that might arise from to inconsistent forces. We also tested the effect of the vdW cutoff by computing the energy of a bulk H 2 -H 2 O system (100 bar and 100K) with cutoffs ranging from 8 to 20Å and found converged results at 12Å.
The H 2 molecules were treated as rigid bodies according to the schemes of Miller et. al. 12 and Kamberaj et. al. 13 . The O-H bonds and H-O-H angles on the TIP4P-ice waters were constrained according to the SHAKE algorithm (convergence tolerance 1.0E-5 achieved over a maximum of 50 iterations).
The starting structure for each MD simulation was obtained from our GCMC calculations. Slab geometries were generated by centering the optimized GCMC H 2 /H 2 O structures in a 200Å high box, with H 2 molecules placed in the free space to match the required pressure. To rapidly equilibrate these systems, we used our standard procedure [14] [15] [16] : after an initial conjugant gradient minimization to an RMS force of 10 -4 kcal/mol/Å, the system was slowly heated from 0K to the desired temperature over a period of 100 ps using a Nose-Hoover thermostat in the constant temperature, constant volume canonical (NVT) ensemble. The temperature coupling constant was 0.1 ps and the simulation timestep was 1.0 fs. This equilibration was followed by 1ns of constant-pressure, constant-temperature (NPT) dynamics at the desired temperature and pressure. The system was adjusted in the x and y directions independently (the z direction was not adjusted) based on the stresses on the water molecule only. This procedure seems adequate to maintain the initial pressure of the slab geometry while simultaneously allowing the water molecules to adjust to the presence of the H 2 molecules. The temperature coupling constant was 0.1 ps while the pressure piston constant was 2.0 ps. The equations of motion used are those of Shinoda et al. 17 , which combine the hydrostatic equations of Martyna et al. 18 with the strain energy proposed by Parrinello and Rahman 19 . The time integration schemes closely follow the time-reversible measure-preserving Verlet integrators derived by Tuckerman et al. 20 . Production dynamics was then run for a further 50ns in the micro-canonical (NVE) ensemble, with coordinates and velocities saved every 10ps for post-trajectory analysis. Table 1 . The H 2 molecules in our simulations are taken to be rigid rotors, with an H -H bond length of 0.742Å (7.42 pm). 
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